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- TEMPERATURE MEASUREMENTS BY A SLIT DIAGNOSTIC
TECHNIQUE*

Joseph D. Sh rman, H. Vernon Smith, Jr., Carl Geisik, and Paul Allison
Los Alamos Mational Laboratory
Los Alamos, NM 87545

Abstract

H- ion beams are extracted at 5-25 kV from a long,
narrow slit on a Penning surface-plasma source (the 8X
source). The extraction geometry produces negligible
transverse electric fields (focussing effccts) along the slit
lengih. Therefore, the ion angular spread reflects the
distribution of ion energies at the plasma surface. The angular
distributions are measured with an electric-sweep emittance
scanner whose slits are oriented normal to the long dimension
of the emission slit. The nearly-Maxwellian angular
distributions measured over the central portions of the ribbon
beam give kTy- of 0.1 t0 0.2 eV for a 2-A dc discharge and
0.8 10 1.0 eV for 350- to 500-A pulsed discharges. This
diagnostic technique has sufficient position resolution to allow
measurement of the kTy- spatial distributions. It also allows
study of the kTy- dependencies on ion source parameters (e.g.,
increasing the Hy gas flow lowers kTH- ).

I. INTRODUCTION

One mechanism proposed for H production in the
Penning surface-plasma source (SPS) is the resonant charge
cxchange of fast cathode (=100 eV) H- with lower energy
\=1 ¢V) HO atoms within the plasma discharge.[1] If this
production mechanism domiaates, then the fast H" ions
equilibratc 0 the H° temperature before extraction. Previous
measurements by spectroscopic methods [2,3) in SPS sources
show that the H® temperature is one eV, so an intrinsic KTy-
of this order may be expected. Mcasurem ants of kTy- in ion-
source plasmas by laser diagnostic techniques have been
miliated.{4] In the present experiment, we use @ method basad
on on-optical considerations and the use of an emittiniee-
mcasuring device (5] to detemine KTH- .

By measuring e angular distribution of H* ions
extricted from the central region of u long, narrow cnission
slit, the shit-end aberrations and other focussing, effects may be
neplected. The measured angle 0 s then relited 1o the ion
thermal energy ¢ and the beam cenergy ¢y, by 0 = Vo /Py
The cathode-cathode and anodc-anode gaps within the 8X
source [6] arc both 3.40 cm. These dimensions allow
installation of a long emission slit from which a H™ beam may
be extracted, Using a Maxwellian model for the distribution

hinction () - exp( 0? S /KTH-) pives
KTy 0301 ¢y, (OpwnmY’

for the mherent KTyg- in the sowee plasi, whete Opgpiag is
detetimmned from the measured beam anpoliv distnibutions.
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IL. EXPERIMENTAL METHOD

A slit emitter &¢ = 3.66 cm long and 0.061 cm wide is
constructed for the 8X source. The extractor slit is 3.9 cm
long and 0.086 cm wide. The exwraction system allows the
emitting plasma to be examined in cither the cathode-lo-
cathode (parallel 10 the magnetic field) or anode-10-anode
(perpendicular to the magnetic field) directions. The emission
and extraction slits are parallel to within =5 mrad. The
extraction gap in these experim~ants is 0.49 cm.

Figure 1 is a schematic drawing of the experimental
arrangement with the ancde-to-anode orientation of the slit
extraction system. The "y" scanner is used to measure the H*
angular distributions as a function of pasition. The electric-
sweep scanner (5] (ESS) entrance slit is located d = 12.3 cm
from the plasma emitter. The ESS analyzing slits are oriented
perpendicular to the long dimension of the emission slit.
Maximum scanner angular acceptance 8;c9n * 1142 mrad, 50
the observable length at the emiiter position is &, =
2d1an(Ogcan) = 3.52 cm. This distance is about the same as
the emities length &e. To separate the thermal group of ions

from those from the slit ends, & »>>2dV(kT/¢$;.) ~0.2 cm is
required and easily satisfied here. Beam space-charge is
neutralized beyond the 0.49-cm e¢xtraction gap by positive
ions produced by beam-ionization of the background gas.(7)
The scanner angular resolution is $0.5 mrad, so the energy
resolution at 20 keV beam energy is =0.002 eV,

The y-plane 15-kV phase-space diagram shown in Fig. 2
for a discharge current ig = 350 A consists of 50 position
slices. The angle full scale on this plot is $39.6 mrad. Large
beam aberrations arc observed at the extreme positions which
correspond 10 ion extraction at the slit ends. The predominant
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Schematie of the slit etmssion extraction system for
measurement,
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Fig. 2. Phase-space diagram for a y-planc emitlance sca:.
(anode-to-anode orientation of the emission slit) at 15 kV.

fcature of the scanned beam in the central portion is the
angular width caused by the thermal energy of the H- ions. The
central region of the beam has a small envelope divergence,
A= 1.8 mrad/cm. Figure 3 shows the heam curmrent
oscillogram at 1-MHz bandwidth for the phase-space disgram
shown in Fig. 2. The Faraday cup is not large enough o
capiure the whole beam, 50 the H™ current should be mu..plied
by =1.5 1o obtain the full beam current. The approximate
emission current density is 230 mA/km? for ig = 350 A,
1 mA/cm?2 for iy = 2A. The BX source is tuned to obtain
good beam quicscence. The ESS ramp voliage is superimposed
on Fig. 3; the angular distribution data arc acqguired between
1.6 and 1.9 ms,
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Fig. V. Osallopgiam showing the 11 beam current and the ESS
ramp voliage.
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111. RESULTS AND DISCUSSION

The angular distribution data for a positica slice near the
center of the Fig. 2 emituance scan (pulsed discharge) is shown
in Fig. 4. A Maxwellian fit 1o the dala with a least-squarcs
fitting routine gives kTy- = 0.81 eV from equation 1. Also
shown in Fig. 4 is one sampls of the 2-A dc-discharge daia
with a fit . f kTyy- = 0.18 eV. The peak amplitude of the de
data has bnen nommalized to the pulsed data in Fig. 4.
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Fig. 4. Typical Maxwellian fits 10 angular distributions (or
pulsed and dc discharges. Both measurements are made at y =
0.04 cm, near the discharge center.

Because the beam is slightly diverging (A > 0), the
angles at the analyzer will be reduced by 56/6 = —Ad = ~0.023,
which amounts 10 about 0.05 ¢V for the pulsed dischage.
The observed divergence (positive) is consistent with weak
beam space-charge expansion in the accel gap. Data analysis of
several phase-space plots shows that the divergence correction
10 kTH- increascs with the beam perveance, and in all cases the
correviion is leis than 5%.

The approximate uncerwinties in the measurement
presented here in terms of their cffects on kT are (1) beam
energy—2%, (2) ESS design calibration—1%, (3) digit-
ization—19%, (4) fit routine---2%, (5) space charge--5%, (6)
alignment accuricy - -1%, so overall accuracy should be =6%,

An cstimate for the plasma surface length Pl, which
contributes to the angular distribution for the pulsed discharge
in Fig 4 is Py = 2dan(pwa/?) = 015 em << £ This
shows that the kTy- may be obtined as a fundtion of
pawition afonp the emission slit. Temperatues are derived
fiom the measured Hoangulin distiibutions at about thirty of
the hifty positions (008 ¢m step size). The derived KTy vs,
position for the Fig. 2 diagram is shown in  Fig, Sa. ‘The
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cmitter is in the anade - anode oricntation, perpendicular to the
magnetic ficld. Apparcnt temperawre rise at +1 cin positions
is caused by the onset of the significant wransverse electric
ficlds. A gradual decrease in the kTyy- is noted with position
increase over the central portion in Fig. Sa. This may be
caused by incressed gas density since the Hy gas feed is located
aly = +1.7 cm in the lischarge chamber. Figure 5b shows the
kTH- as a function of position for the cathode-cathode
orientation, parallel o the magnetic field. There is no large
systematic variation of temperatures with position in Fig. Sb.

Mcasurcments of kTy;- as a function of ¢y, for the anode-
anode orientation arc shown in Fig. 6 for (@) a dc discharge at
2 A and (b) a pulsed discharge at 470 A. Here the H-
iemperature has been averaged over all the positions where slit-
cnd ahcrrations are not present. The derived temperatures arc
seen 1o he independent of the beam perveance or energy, as
they must be for a truc tcmperature. Temperatures for
the de discharges are (0.1 - 0.2 ¢V (cf. Fig. 4) while those for
the pulsed measurements are 0.8 - 1.0 eV. Lower discharge
currents pioduce lower H™ ion temperaturcs just as they
produce lower H® icmperatures.(2,3)
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Fig. 6. Mensured kT{- as a function of the beam encrgy for (u)
a 2 A dc discharge, and (b) a 470 A pulsed discharge. Constant
temperature lines are shown to guide the eye.

Parametne dependencies of kKTy- on the 8X ion source
operating pacameters are measured,  These include Hp pas
tiow, discharge carrent (pulsed and de), extraction voltage,
plasma pesioon along the shit, and emission slit otientation,
The KTy Giveraged over the aberration-fiee egion) is plotted
vy the Hs pas How Tor the anode anode and cathexde cathode
sht opentations i Fags. Faand 7h, Both  ta sets show the
s behaveor: My decreases withanereasmy:, Hj pas How,
No sipnthoant dependence of KTy on magaete helbd
onentiior s observed,
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Fig. 7. Plots of kTy{- vs. Hy gas flow for thc (8) anode-onode,

and (b) cathode-cathode slit nricntations. Identical guide-to-the-
cyc cuives arc shown on both plots.

1V. SUMMARY

Temperature measurement of the H™ ions is madc by analyzing
the angular distribution of ions extracted from a long slit. The
plasma generalor must be large enough to install a sufficiently
long slit to separate the thermal ions from the slit-end ions at
tke analyzer and to minimize space-charge effects. We assume
that for the 8X Penning SPS the angular spread in the becam
ccntral region is dominated by the plasma H’ ion temperature,
The envelope divergence at the analyzer is small, showing that
the beam space-charge expansion in the extriction gap is

small. A result of thesc measurements is that the inherent F”
ion temperature for the Penning SPS suurce may be consider-
ably lower than previous estimates,|3] and close to the
previously measured HO iemperatures. Those measurements

suggest an intimate link beiween the H® and H” species in this

plasma.
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